Various micro-organisms (1 31 strains of 73 species) were studied for their ability to produce thymidine kinase (TK; EC 2.7.1.21). Taking the specific TK activity of Escherichia coli K12 [specific activity of sonicated cell extracts 95-194 pmol min-l (mg protein)-'] as loo%, the test organisms had the following relative specific TK activities. In the Gram-positive cocci, Staphylococcus aureus (2 1-84%) showed higher activity than Staph. epidermidis (1-20%) and Streptococcus (1-7%) except for one strain of Strep. pyogenes (29%). Neisseria sicca, a Gramnegative coccus, lacked TK. Gram-positive endospore-forming rods showed significant activity (Bacillus, 13-5 1 %; Clostridium perjringens, 9-1 8 %) except for one strain of B. megaterium (2 %) and C . dzficile (1-3 %). and Serratia (61-1 lo%), had a high activity.
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Organisms. A total of 120 strains of bacteria (65 species, 19 genera) were studied, together with 10 strains (7 species) o f Cundidu and one strain of Cryprococcus neqfbrmans. Details are given in the relevant tables.
Prepparution qf'crll e.Ytructs. Bacteria were cultured with shaking in heart infusion broth (Eiken Chemical Co., Tokyo, Japan) at 37 "C for 1-2 d, except for the following: Streptococcus and Micrococcus, heart infusion broth containing 10% (v/v) new-born calf serum : Lucrohucillus, Rogosa's medium (Mabbitt & Zielinska, 1956) ; Clostridium and Bucteroides, CAM broth (Nissui Pharmaceutical Co., Tokyo, Japan) (Suzuki & Watanabe, 1975) ; Vibrio, peptone water containing 3% (w/v) NaCl, pH 8.0. Mycobucterium was grown in Kirchner's liquid medium (Kirchner, 1932 ) (8 d ; M . marinum was grown at 33 "C), Bifidobacterium in GAM broth, and Propionibacterium in brain heart infusion broth containing 0.2% (w/v) yeast extract and 0.1 % (w/v) Tween 80 (Cummins & Linn, 1979) ( 3 d). Cundidu and Cryptococcus were cultured in heart infusion broth (pH 6-0; 2-3 d).
Organisms were harvested by centrifugation at l0000g for 10 min, washed once with 50 mM-Tris/HCl buffer (pH 8.0) containing I mM-DTT and 1 mM-EDTA and suspended in the same buffer at 04-0.25 g (wet wt) m1-I. The suspension was then disrupted with an ultrasonic disintegrator (Insonator, model 200M, Kubota Shoji, Tokyo, Japan) at 200 W for 5 min in an ice-cold water bath. No increase in temperature of the lysate was observed even after 15 min sonication. Microscopic observation showed that E. coli was almost completely disrupted by 5 min sonication. The supernatant obtained by centrifugation at 20000g for 30 rnin was filtered, if necessary, through a Millipore membrane (0.45 pm). This preparation served as the cell extract.
As.suy,fur TK uctiziry. This was done by the method reported previously (Saito & Tomioka, 1984) . The reaction mixture (0.2 ml) consisted of 62-5 mM-Tris/HCl buffer (pH 8.0), 10 mM-ATP, 10 mM-MgCl,, 2.5 mwNaF, 1mM-DTT, 250 pg bovine serum albumin ml-' (as a stabilizer of T K : Okazaki & Kornberg, 1964a), 1 0 p~-["]thymidine (500 Ci mol-I, 18.5 TBq mol-' ; New England Nuclear) and cell extract (100 pl, containing 25 pg protein unless otherwise specified). The reaction mixture was incubated with shaking at 100 cycles min-' at 37 "C for 2 h, then boiled for 3 min and a 0.1 ml sample dispensed onto a diethylaminoethyl cellulose paper (2 x 2.1 cm; Tohyo Roshi Co., Tokyo, Japan). After drying at 90 "C for 5 min, the paper was rinsed with 1 mM-ammonium formate and ethanol, dried and the radioactivity was counted in a Packard Tri-Carb 3255 liquid scintillation counter.
R E S U L T S
TK activity of the micro-organisms studied Cocci ( Table 1) . Of the two species of Staphylococcus studied, Staph. aureus showed much higher activity than Staph. epidermidis. Streptococcus pyogenes, except for one strain (STl), Strep. fuecalis and Strep. Jaecium had low activity. Micrococcus luteus and Neisseria sicca (a Gram-negative coccus) lacked activity. (Tables 2 and 3 ). The strains of the endospore-forming genera Bacillus and Clostridium had a low but significant activity, except for one strain (ATCC 19213) of B.
Gram-positire rods
megaterium and for C. dificile which all but lacked TK (Table 2). Yamaoka, Hiroshima City Institute of Public Health, Hiroshima, Japan; h, S . Kodaira, Yakult Institute for Microbiological Research, Tokyo, Japan; i, T. Mori, Osaka University, Osaka, Japan.
t The value for E. coli K12 was taken as 100%. The specific activity and production of TK in E. coli K 12 were 95-194 pmol min-I (mg protein)-' and 0-94-1.70 units per g wet wt of cells (1 unit was defined as the amount of TK which generated 1 nmol thymidine 5'-monophosphate h-l), respectively, among five lots of cell extract separately prepared, when TK activity was measured under the standard conditions. Whereas 5 min sonication was optimal for extraction of TK from E. coli K12, and 'specific activity' in cell extracts of a given microbe prepared by 5-15 min sonication differed little, the amount of total protein in the cell extract considerably increased as sonication was prolonged from 5 to 15 min, especially in the case of Staphylococcus. Thus, for accurate comparison of TK activity among various bacteria the 'specific activity in cell extract' values should be used. Actinomycetes and related organisms (Table 6 ). The strains of BiJidobacterium, slow-growing mycobacteria and Propionibacterium studied essentially lacked TK activity.
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Candida ( Table 7) . The seven species of Candida tested essentially lacked TK, as did Cryptococcus neojorrnans YIT 8 184 (relative specific TK activity, 0.2 %; relative TK production, 0.1 %, this strain was obtained from S. Kodaira, Yakult Central Institute for Microbiological Research, Tokyo, Japan).
Time-course of' TK production Some representative bacteria were studied for the time-course of TK production. High TK producers such as E. coli and L. casei showed maximal TK activity during the first 6-24 h of cultivation ; thereafter cell-associated TK activity decreased rapidly with time, presumably due to the degradation of TK (Fig. 1 a) . On the other hand, the TK-negative organisms such as V . parahaemolyticus, Ps. aeruginosa, Ps. cepacia, L. acidophilus, L. lactis, P. acnes, M . phlei, M . smegmatis and M . terrae produced no significant TK, even during the early phase of cultivation ( Fig. 1 b-d ), indicating that they had an inherent deficiency rather than apparent lack of TK caused by its rapid degradation.
DISCUSSION
The study of TK activity, previously mainly confined to actinomycetes and related organisms (Saito & Tomioka, 1984) ,. has been extended to various micro-organisms in this work. Among Thymidine kinase o j bacteria S. Gotoh, Toho University, Tokyo, Japan; c, H. Yabuuchi, Gifu University, Gifu, Japan; d , K. Ohnishi, Tokushima University, Tokushima, Japan.
The following strains had no detectable TK activity: Ps. ueruginosa P A 0 3047 (M. Kageyama, MitsubishiKasei Institute of Life Sciences, Tokyo, Japan), Ps. ueruginosa 584A43 (K. Okuzumi, Tokyo University, Tokyo, Japan), Ps. cepuciu ATCC 2541 6' and Ps. putidu ATCC 12633'. the actinomycetes and related organisms, TK activity was found to be lacking not only in Streptomyces, Nocardia, Mycobacterium, Rhodococcus and Corynebacteriurn (Saito & Tomioka, 1984) , but also in BiJidobacterium and Propionibacterium. Strains of Micrococcus, Neisseria, Vibrio, fungi, and with some exceptions, Pseudonzonas also lacked TK activity. Species of the genus Lactobacillus could be divided into two groups on the basis of TK activity (moderate to high, and essentially negative : Table 3 ). The distribution pattern of TK activity in Lactobacillus does not seem to be linked to the patterns of carbohydrate fermentation described by Buchanan & Gibbons (1974 heterofermentative. Among the TK-negative species, L. acidophilus, L. bulgaricus and L. lactis are homofermentative, while L. cellobiosus is heterofermentative (Buchanan & Gibbons, 1974) . However, some correlation was noted between TK activity and ribose fermentation: TKpositive species, except for L . salivarius, ferment ribose, and TK-negative species, except for L. cellobiosus, do not (Buchanan & Gibbons, 1974) .
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A phylogenic classification of various micro-organisms on the basis of 5s rRNA sequences has been proposed by Hori & Osawa (1980) . The Gram-negative bacteria they studied (Pseudomonas, Serratia, Proteus, Escherichia and Salmonella) had 120N-type (having 120 nucleotides) 5s rRNA, while the Gram-positive bacteria were divided into two groups, one containing Staphylococcus, Lactobacillus, Streptococcus, Bacillus and Clostridium, with 1 16N-type 5s rRNA (Hori & Osawa, 1979 , and the other containing Streptomyces griseus (Hori et al., 1982) , Micrococcus luteus (Dekio et al., 1984; Yamasaki, 1983) and Mycobacterium tuberculosis (H. Hori & S. Osawa, personal communication) , with 1 18N-type 5s rRNA. It may be noteworthy that Streptomyces, Mycobacterium and Micrococcus substantially lacked TK activity (Saito & Tomioka, 1984 ; Tables 1 and 6 of the present paper) and these are classified in the 118N-type 5s rRNA group. It may be expected that TK-negative organisms such as Corynebacterium, Propionibacterium, Bifidobacterium, Gordona and Nocardia (Saito & Tomioka, 1984 ; Table 6 of the present paper) might also have 118N-type 5s rRNA. The phylogenic tree of 5s rRNA indicates that Pseudomonas is located at an evolutionarily distant position from the Enterobacteriaceae. In this connection, it is interesting that most Pseudomonas species lacked TK, whereas most species of Enterobacteriaceae showed high TK activity (Tables 4 and 5). TK activity in Gram-positive bacteria having 116N-type 5s rRNA (Hori & Osawa, 1979 was species-variable and continuous, and no relationship was observed between the TK distribution pattern and the 5s rRNA phylogenic tree.
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